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Abstract
We consider Kaluza-Klein (KK) models where internal spaces are compact Ein-
stein spaces. These spaces are stabilized by background matter (e.g., monopole
form-fields). We perturb this background by a compact matter source (e.g., the
system of gravitating masses) with the zero pressure in the external/our space
and an arbitrary pressure in the internal space. We show that the Einstein
equations are compatible only if the matter source is smeared over the internal
space and perturbed metric components do not depend on coordinates of extra
dimensions. The latter means the absence of KK modes corresponding to the
metric fluctuations. Maybe, the absence of KK particles in LHC experiments is
explained by such mechanism.
Keywords: multidimensional models, Kaluza-Klein models, Kaluza-Klein
excitations/modes, Einstein spaces, black strings/branes, gravitational tests
1. Introduction
One of the main tasks of the Large Hadron Collider (LHC) is to search for
physical phenomena beyond the standard model. If such events occur, they
should suggest the directions of the further development of physics. Extra spa-
tial dimensions are among these phenomena. The idea of multidimensionality
of our Universe demanded by the theories of unification of the fundamental in-
teractions is one of the most breathtaking ideas of theoretical physics. It takes
its origin from the pioneering papers by Th. Kaluza and O. Klein [1], and now
the most self-consistent modern theories of unification such as superstrings, su-
pergravity and M-theory are constructed in spacetimes with extra dimensions
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(see, e.g., [2]). One of the clearest evidence for the existence of extra dimen-
sions is the detection of Kaluza-Klein (KK) modes/particles which correspond
to appropriate eigenfunctions of the internal manifold, i.e. excitations of fields
in the given internal space. Such excitations were investigated in many articles
(see, e.g., the classical papers [3, 4, 5]). However, up to now, such particles
were not detected in the LHC experiments (see, e.g., [6, 7]). In our letter we
present a possible explanation of this problem in the case of KK models where
stabilized internal spaces are compact Einstein spaces. We perturb this multi-
dimensional background by gravitating masses and show that multidimensional
Einstein equations are consistent only if the gravitating bodies are uniformly
smeared over the internal space and, consequently, the metric fluctuation com-
ponents depend only on the coordinates of the external/our space. Obviously,
this means the absence of KK modes corresponding to the metric fluctuations.
We also demonstrate that the coupling constant between gravitating masses
and radions depends on the equation of state parameter Ω for the gravitating
masses in the internal space. In the case of black strings/branes (Ω = −1/2)
the coupling disappears and the gravitating masses do not perturb the internal
space. This explains the excellent agreement of black strings/branes with the
gravitational tests.
2. Smearing over extra dimensions
Let
gˆMN (y)dX
M ⊗ dXN = ηµνdx
µ ⊗ dxν + gˆ(d)mn(y)dy
m ⊗ dyn (1)
be a metrics on (D = 1+D = 4+d)-dimensional background spacetime manifold
MD = M4 ×Md, where M4 is the Minkowski spacetime and the internal space
Md is a compact Einstein one:
Rˆmn[gˆ
(d)] = λgˆmn, Rˆ
m
m[gˆ
(d)] = Rˆ(d) = λd, λ ≡ const. (2)
In general, Md can be an orbifold. In what follows, M = 0, 1, 2, . . . , D; µ =
0, 1, 2, 3; µ˜ = 1, 2, 3 and m = 4, 5, . . . , 3 + d. According to our sign convention,
λ < 0 (λ > 0) corresponds to the compact Einstein space with positive (nega-
tive) curvature. For example, in a particular case of the d-dimensional sphere
of the radius a we have λ = −(d− 1)/a2. The case of a Ricci-flat internal space
λ = 0 and its particular example of the toroidal compactification were studied
in our previous papers [8, 9] and will not be considered here.
Obviously, to create the curved background spacetime with the metrics (1),
we should introduce also the background matter. The properties of the energy-
momentum tensor (EMT) of this matter can be easily determined from the
Einstein equations [10]:
κTˆ ′MN = Rˆ
M
N −
(
1
2
Rˆ(d) + κΛD
)
δMN , κ ≡
2SDG˜D
c4
, (3)
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where ΛD is the multidimensional cosmological constant, SD = 2pi
D/2/Γ(D/2)
is the total solid angle, G˜D is the gravitational constant in the (D = D + 1)-
dimensional spacetime. For the metrics (1) we get
Tˆ ′µν = −
(
λd
2κ
+ ΛD
)
δµν , Tˆ
′m
n = −
(
λ(d − 2)
2κ
+ ΛD
)
δmn . (4)
It is worth noting that these equations coincide with Eqs. (11) and (12) in
[11] in the case of Einstein internal spaces. It was indicated there that the
multidimensional cosmological constant ΛD is necessary to get a solution with
the flat external space. In section 3, we will show additionally that we need this
constant to ensure the stable compactification of the internal space. We can
rewrite these expressions in the form of the components of a perfect fluid:
Tˆ ′MN = diag
(
εˆ′,−pˆ′0,−pˆ
′
0,−pˆ
′
0,−pˆ
′
1, ...,−pˆ
′
1︸ ︷︷ ︸
d times
)
, (5)
εˆ′ ≡ − [(λd/2κ) + ΛD] , pˆ
′
0 = ω0εˆ
′, pˆ′1 = ω1εˆ
′ , (6)
where the parameters of equations of state are
ω0 = −1, ω1 = [(2 − d)λ− 2κΛD]/(λd+ 2κΛD) . (7)
Here, ω0 = −1 corresponds to the vacuum-like equation of state in the external
space, and in the internal space the parameter ω1 is an arbitrary. Choosing
different values of ω1 (with fixed ω0 = −1), we can simulate different forms
of matter. For example, ω1 = 1 corresponds to the monopole form-fields (the
Freund-Rubin scheme of compactification [12, 13, 14]1). For the Casimir effect
we have ω1 = 4/d [11, 16]. Obviously, for these forms of matter we can calculate
the energy density and pressures in the external and internal spaces, and Eqs.
(6) and (7) should be treated as the fine tuning conditions.
Eqs. (6) and (7) result also in the following useful auxiliary relation:
εˆ′ = −λ/[κ(1 + ω1)] . (8)
Now, we perturb the above background by a perfect fluid with the following
EMT (see also [9]):
T˜Mν = ρ˜(D)c2
ds
dx0
uMuν , uM =
dXM
ds
,
T˜mn = −p˜gmn + ρ˜c2
ds
dx0
umun, p˜ = Ωρ˜(D)c2
ds
dx0
. (9)
This perfect fluid is pressureless in the external/our space but it has pressure in
the internal space. Ω is the equation of state parameter in the internal space.
1Different compactification schemes (i.e. choices of the form of the electromagnetic field)
may result in different values of ω1 [15].
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Usually we assume that this matter source is compact. For example, such EMT
can corresponds to a system of gravitating bodies, e.g., ordinary astrophysical
objects. It is well known that the pressure inside of these masses (e.g., inside
of our Sun) is much less than the energy density. Therefore, we can neglect it.
However, we do not know the pressure of these bodies in the internal space. So,
we keep it. We should note that this pressure is not connected with motion of
gravitating masses, i.e. Ω is the parameter of a body. Obviously, in the case of
a gravitating body with the mass m the rest mass density is
ρ˜(D) = [|g|]−1/2mδ(X) . (10)
We can easily generalize this expression to the case of a system of gravitating
masses [9]. For our purpose, it is sufficient to consider a steady-state model.
For example, we can consider only one gravitating mass and place the origin
of a reference frame on it. That is, we disregard the spatial velocities of the
gravitating masses.
It is worth noting that the metric components gMN in Eqs. (9) and (10) are
perturbed ones, and in the weak-field approximation up to O(1/c2) correction
terms they can be written in the form
gMN ≈ gˆMN + hMN , (11)
where correction terms hMN ∼ O(1/c
2) can be found with the help of the
Einstein equation:
1
κ
RMN = TMN −
1
d+ 2
TgMN −
2
d+ 2
ΛDgMN . (12)
The total EMT in the right hand side of this equation is TMN = T
′
MN + T˜MN ,
where T ′MN is the EMT of the perturbed background matter. To get the metric
correction terms hMN ∼ O(1/c
2), we should determine the components of TMN
up to O(c2) terms. For example, the components (9) are approximated as
T˜00 ≈ ρ
(D)c2, T˜µ˜ν˜ ≈ 0, T˜0M ≈ 0,
T˜mn ≈ −Ωρ
(D)c2gˆmn, T˜ ≈ ρ
(D)c2(1− Ωd), (13)
where ρ(D) denotes the rest mass density (see (10)) with respect to the unper-
turbed metrics gˆMN .
Concerning the EMT of the background matter, we suppose that perturba-
tion does not change the equations of state in the external and internal spaces,
i.e. ω0 and ω1 are constants. For example, if we had monopole form-fields
(ω0 = −1, ω1 = 1) before the perturbation, the same type of matter we have
after the perturbation. Thus, the EMT of the perturbed background is
T ′µν ≈ (εˆ
′ + ε′1) gµν , T
′
mn ≈ −ω1 (εˆ
′ + ε′1) gmn , (14)
where the correction ε′1 is of the same order of magnitude as the perturbation
ρ(D)c2.
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According to the EMT (9), the pressure is isotropic in each factor manifolds.
Obviously, such perturbation does not change the topology of the model, i.e.
the topologies of the factor manifolds. Additionally, it preserves also the block-
diagonal structure of the metric tensor. In the case of a steady-state model (our
case) the non-diagonal perturbations h0M˜ are also absent. Therefore, the metric
correction terms are conformal to the background metrics and can be written
in the block-diagonal form:
[hMN (X)] = [ξ1η00]⊗ [ξ2ηµ˜ν˜ ]⊗
[
ξ3gˆ
(d)
mn
]
, (15)
where ξ1,2,3 = ξ1,2,3(X) ∼ O(1/c
2). Then, the EMT (14) is approximated up to
O(c2) correction terms as follows:
T ′00 ≈ εˆ
′(1 + ξ1) + ε
′
1 , T
′
µ˜ν˜ ≈ [εˆ
′(1 + ξ2) + ε
′
1] ηµ˜ν˜ ,
T ′mn ≈ −ω1 [εˆ
′(1 + ξ3) + ε
′
1] gˆ
(d)
mn , (16)
T ′ ≈ (4− ω1d)(εˆ
′ + ε′1) .
Taking into account the reasoning in Appendix A [9] as well as the back-
ground relations (7) and (8) above, the Einstein equation (12) reads (up to
O(1/c2) terms):
△Dξ1 = 2
1 + d(Ω + 1)
d+ 2
κε˜+ 2
d(1 + ω1)− 2
d+ 2
κε′1, (17)
△Dξ2 = −2
1− Ωd
d+ 2
κε˜+ 2
d(1 + ω1)− 2
d+ 2
κε′1, (18)
△Dξ3 = −2
1 + 2Ω
d+ 2
κε˜+ 2λξ3 −
4(ω1 + 2)
d+ 2
κε′1 , (19)
where ε˜ ≡ ρ(D)c2 and △D is the D-dimensional Laplace operator with respect
to the metrics gˆMN . To get this system, we used the well known gauge condition
[17]
∇ˆLh
L
N −
1
2
∂Nh
L
L = 0, h
M
N ≡ gˆ
MShNS , (20)
which in our case is reduced to the system
∂0ξ1 − (1/2) ∂0 (ξ1 + 3ξ2 + ξ3d) = 0 , (21)
∂ν˜ξ2 − (1/2) ∂ν˜ (ξ1 + 3ξ2 + ξ3d) = 0 , (22)
∂nξ3 − (1/2) ∂n (ξ1 + 3ξ2 + ξ3d) = 0 . (23)
This condition simplifies considerably the Einstein equations. Obviously, it does
not affect the physical results. The condition (21) is satisfied automatically for
the stationary perturbations ξi. Also, for the stationary perturbations ξi and
the compact matter source with the EMT (9), the conditions (22) result in the
following:
ξ1 + ξ2 + ξ3d = C(y)
∣∣∣∣
|r|→+∞
→ 0 ⇒ ξ3 = −
1
d
(ξ1 + ξ2) , (24)
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where we took into account that at large distances |r| from the compact matter
source the metrics goes asymptotically to the background one. Hereafter, r
denotes the radius-vector in the external three-dimensional space.
Now, applying the Laplace operator △D to the relation (24) and comparing
it with Eqs. (17)-(19), first, we get
ε′1 = (λd/2κ) ξ3 (25)
and, second, Eq. (19) takes the form
△Dξ3 = 2
[
λ
2− d(1 + ω1)
d+ 2
ξ3 −
1 + 2Ω
d+ 2
κρ(D)c2
]
. (26)
The relation (24) shows that functions ξı(ı = 1, 2, 3) are not linearly indepen-
dent. So, ξ1,2 can be presented as
ξı = −(d/2)ξ3 + βıf, ı = 1, 2 , (27)
where f is a new function and constant parameters βi satisfy the condition
β1 + β2 = 0. Then, taking into account Eq. (26), we can easily show that Eqs.
(17) and (18) are reduced now to the system
β1△Df = κρ
(D)c2, β2△Df = − κρ
(D)c2 . (28)
Therefore, we can put
β1 = −β2 = 1 ⇒ △Df = κρ
(D)c2 (29)
and, hence, for the functions ξ1 and ξ2 we get
ξ1 = −(d/2) ξ3 + f, ξ2 = −(d/2) ξ3 − f . (30)
Now, coming back to the gauge condition (23), we get
(d+ 2)ξ3 + 2f = C1(r) , (31)
where C1(r) is a function that depends only on the external coordinates. Ap-
plying to this relation the Laplace operator △D and using Eqs. (26) and (29),
we arrive at the following crucial equation:
λ [2− d(1 + ω1)] ξ3 − 2Ωκρ
(D)c2 = C2(r)/2 , (32)
where C2(r) = △DC1(r). As we will see below, the condition of stable com-
pactification leads to the requirement λ [2− d(1 + ω1)] > 0. Then, from (32) we
conclude, that in the region outside the compact matter source with the EMT
(9) (i.e. where ρ(D) = 0), ξ3 depends only on the external coordinates. Hence,
the function ρ(D), and, therefore, also the function f depend only on the external
coordinates. This means that the matter source with the EMT (9) (e.g., a sys-
tem of gravitating masses) should be uniformly smeared over the internal space.
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In this case the D-dimensional Laplacian △D in Eqs. (26) and (29) should be
replaced by a three-dimensional one △3 (with respect to the flat metrics), and
the multidimensional rest mass density ρ(D) is reduced to a three-dimensional
one: ρ(D) = ρ(3)(r)/Vint where Vint is the unperturbed internal space volume.
Thus, Eqs. (29) and (26) read
△3f =
8piGN
c2
ρ(3) , (33)
△Dξ3 − µ
2 ξ3 = −
2(1 + 2Ω)
d+ 2
8piGN
c2
ρ(3) , (34)
where we introduced the Newton gravitational constant 4piGN = SDG˜D/Vint
and the Yukawa radion mass squared µ2 ≡ 2λ[2−d(1+ω1)]/(d+2). In our case,
the Yukawa scalar particle is a radion/gravexciton [16]. It is well known that
to get the physically reasonable solution of (34) with the boundary condition
ξ3 → 0 for |r| → +∞ the parameter µ
2 should be positive. This results in
inequalities:
λ [2− d(1 + ω1)] > 0 ⇒
{
ω1 > (2/d)− 1, λ < 0,
ω1 < (2/d)− 1, λ > 0.
(35)
In the case of a point-like source ρ(3)(r) = mδ(r), and the solutions of Eqs. (33)
and (34) are
f =
2ϕN
c2
, ξ3 = −
4ϕN
(2 + d)c2
(1 + 2Ω) exp(−µ|r|) , (36)
where the Newtonian potential ϕN = −GNm/|r|. If the internal space is a
d-dimensional sphere of the radius a (i.e. λ = −(d− 1)/a2), then the solutions
(36) exactly coincide with the ones in [18]. We can conclude from (36) that
the Yukawa coupling constant g between any massive particle and the radion
is determined as g2 ∼ (d/(2 + d))GN (1 + 2Ω). In contrast to the radion mass
µ ∼ 1/a, the coupling constant does not depend on the size of the internal space.
Moreover, in the case of black branes Ω = −1/2 [19], the coupling disappears at
all. As a result, the presence of a gravitating mass does not excite the internal
space: ξ3 ≡ 0 (see Eq. (36)).
3. Internal space stabilization
Let us show now that inequalities (35) correspond to the internal space
stability conditions. To prove it, we suppose, that the scale factor of the internal
space is a function of time:
gˆ(d)mn(y) −→ e
2β(t)gˆ(d)mn(y), t ≡ x
0 . (37)
Without loss of generality, we may put β(t = t0) = 0 where t0 is the present
time. Then, from the conservation law T ′MN ;M = 0 for the diagonal EMT (5)
(ω0 = −1), we get
ε′(t) = ε′ce
−β(1+ω1)d , (38)
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where ε′c is a constant of integration. The stabilization of the internal space is
possible if the effective potential (see for details [16, 20])
Ueff(β) = e
−dβ
[
(Rˆ(d)/2)e−2β + κΛD + κε
′
ce
−β(1+ω1)d
]
(39)
has a minimum at t = 0. Since in the considered model the external space is
flat, Λ
(4)
eff = Ueff(β = 0) = 0, then
Rˆ(d) = λd = −2κ (ΛD + ε
′
c) , (40)
that coincides with (6) for ε′c = εˆ
′. The necessary condition for an extremum of
the effective potential ∂Ueff/∂β|β=0 = 0 leads to the relation
λ = −(1 + ω1)κεˆ
′ , (41)
which exactly coincides with (8). The sufficient condition of the minimum
∂2Ueff/∂β
2
∣∣
β=0
> 0 results in inequality
λ [2− d(1 + ω1)] > 0 . (42)
Obviously, this inequality coincides with condition (35) of the positiveness of
the Yukawa radion mass squared. If we also demand the positivity of the un-
perturbed background energy density εˆ′ determined in (8), then we finally get
ω1 > (2/d)− 1 for λ < 0 and ω1 < −1 for λ > 0. Additionally, it can be easily
seen that in the case ΛD = 0 we have ω1 = (2 − d)/d ⇒ ∂
2Ueff/∂β
2
∣∣
β=0
=
µ2 = 0. Therefore, the presence of ΛD is the necessary condition for the internal
space stabilization.
4. Summary
In this letter, we have considered KK models where internal spaces are com-
pact Einstein spaces, e.g., orbifolds. These spaces are stabilized by background
matter, e.g., monopole form-fields. We perturbed this background by a compact
matter source with the zero pressure in the external/our space and an arbitrary
pressure in the extra dimensions. For example, such matter source can be mod-
eled by a gravitating mass. Then, we investigated the metric perturbations in
the weak-field limit and showed that the Einstein equations are compatible only
if both the metric perturbations and the energy density of the compact matter
source do not depend on the coordinates of the internal space. For gravitating
masses, this means their smearing over the internal space. For the metric per-
turbations, this means the absence of the KK modes. The KK modes/particles
are the object of the active search in LHC experiments. However, up to now
such modes are not detected [6, 7]. As we show in our letter, the reason for
this may be smearing of particles and fields over the internal spaces, although it
looks unnatural from the point of view of statistical physics because any nonzero
temperature should result in fluctuations, i.e. in KK states.
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It should be mentioned that the metric and field perturbations are often con-
sidered without taking into account the reason of such fluctuations (see, e.g.,
[21, 22]). Our analysis clearly shows that the inclusion of the matter sources, be-
ing responsible for the perturbations, imposes strong restrictions on the model.
Moreover, these restrictions are not caused directly by the made choice of the
energy-momentum tensors of the sources. For instance, KK excitations do exist
under a similar choice with Ω = 0 in the case of toroidal compactification [23],
but then there is a contradiction with the relativistic gravitational tests [24].
Besides, it is worth noting that our investigation is related also to the pop-
ular Universal Extra Dimension models [25] if the internal spaces are orbifolds.
Clearly, the brane world models require a separate investigation. There are also
models with combined KK and brane topology [26]. Our research shows that in
such combined models the smearing of gravitational sources can also occur.
Acknowledgements
The work of M. Eingorn was supported by NSF CREST award HRD-1345219
and NASA grant NNX09AV07A. A. Zhuk acknowledges the hospitality of the
Theory Division of CERN during the final preparation of this paper.
References
[1] Th. Kaluza, Zum Unita¨tsproblem der Physik, Sitzungsber. d. Preuss. Akad.
d. Wiss., 966 (1921); O. Klein, Quantentheorie and fu¨nfdimensionale Rela-
tivita¨tstheorie, Zeitschrift fu¨r Physik 37 (1926) 895.
[2] J. Polchinski, String Theory, Volume 2: Superstring Theory and Beyond
(Cambridge University Press, Cambridge, 1998).
[3] A. Salam and J. Strathdee, On Kaluza-Klein theory, Annals Phys. 141
(1982) 316.
[4] P. van Nieuwenhuizen, Class. Quant. Grav. 2 (1985) 1.
[5] H. Kim, L. Romans and P. van Nieuwenhuizen, Phys. Rev. D 32 (1985) 389.
[6] ATLAS Collaboration, JHEP 1301 (2013) 116; (arXiv:hep-ex/1211.2202).
[7] M. Marionneau (on behalf of the ATLAS and CMS Collaborations), Search
for extra-dimensions, top-antitop resonances, 4th generation and leptoquark
signatures at the LHC; (arXiv:hep-ex/1305.3169).
[8] A. Chopovsky, M. Eingorn and A. Zhuk, Eur. Phys. J. C 74 (2014) 2700;
(arXiv:gr-qc/1302.0501).
[9] A. Chopovsky, M. Eingorn and A. Zhuk, AHEP, 106135 (2013); (arXiv:gr-
qc/1311.0220).
9
[10] According to our notations, the hat indicates unperturbed quantities (met-
ric coefficients and matter) and the apostrophe denotes the quantities that
characterize the background matter (both unperturbed and perturbed).
[11] P. Candelas and S. Weinberg, Nucl. Phys. B237 (1984) 397.
[12] P.G.O. Freund and M.A. Rubin, Phys. Lett. 97B (1980) 233.
[13] F.S. Accetta, M. Gleiser, R. Holman and E.W. Kolb, Nucl. Phys. B276
(1986) 501.
[14] U. Gu¨nther, P. Moniz and A. Zhuk, Phys. Rev. D 68 (2003) 044010;
(arXiv:hep-th/0303023).
[15] M. Gleiser, S. Rajpoot and J.G. Taylor, Ann. Phys. 160 (1985) 299.
[16] U. Gu¨nther and A. Zhuk, Phys. Rev. D 56 (1997) 6391;
(arXiv:gr-qc/9706050).
[17] L.D. Landau and E.M. Lifshitz, The Classical Theory of Fields, Fourth
Edition: Volume 2 (Course of Theoretical Physics Series) (Pergamon Press,
Oxford, 2000).
[18] M. Eingorn, S.H. Fakhr and A. Zhuk, Class. Quant. Grav. 30 (2013) 115004;
(arXiv:gr-qc/1209.4501).
[19] A. Chopovsky, M. Eingorn and A. Zhuk, Phys. Rev. D 86 (2012) 024025;
(arXiv:gr-qc/1202.2677).
[20] A. Zhuk, in Proceedings of the 14th International Seminar on High En-
ergy Physics ”QUARKS-2006” in St. Petersburg (2006) (INR press, Moscow,
2007), Vol. 2, p. 264; (arXiv:hep-th/0609126).
[21] K. Hinterbichler, J. Levin and C. Zukowski, Phys. Rev. D 89 (2014) 086007;
(arXiv:hep-th/1310.6353).
[22] A. R. Brown and A. Dahlen, Stability and spectrum of compactifications on
product manifolds; (arXiv:hep-th/1310.6360).
[23] M. Eingorn and A. Zhuk, Class. Quant. Grav. 27 (2010) 055002; (arXiv:gr-
qc/0910.3507).
[24] M. Eingorn and A. Zhuk, Class. Quant. Grav. 27 (2010) 205014; (arXiv:gr-
qc/1003.5690).
[25] A. Datta, K. Kong and K.T. Matchev, New J. Phys. 12 (2010) 075017;
(arXiv:1002.4624); L. Edelha¨user, T. Flacke and M. Kra¨mer, JHEP 08 (2013)
091; (arXiv:1302.6076).
[26] S.L. Dubovsky, V.A. Rubakov and P.G. Tinyakov, JHEP 08 (2000) 041;
(arXiv:hep-ph/0007179).
10
